Abstract Despite surgical treatment for intrahepatic cholangiocarcinoma (ICC) becoming more widely available, the prognosis after hepatic resection for ICC remains poor. Because ICC is relatively rare, the TNM staging system for ICC was finally established in the 2000s. Resection margin status and lymph node metastases are important prognostic factors after surgery for ICC; however, the true impact of wide resection margins or lymph node dissection on postoperative survival is unclear. Although adjuvant chemotherapy can improve the postoperative prognosis of patients with various types of cancer, no standard regimen has been developed for ICC. Over 50 % of patients suffer postoperative recurrence, even after curative resection, and no effective treatment for recurrent ICC has been established. Therefore, despite advances in imaging studies and hepatobiliary surgery, significant challenges remain in improving the prognosis of patients with ICC.
Introduction
Although intrahepatic cholangiocarcinoma (ICC) is the second most common primary liver cancer arising from the intrahepatic bile duct epithelium, it only accounts for approximately 4 % of all primary liver cancers in Japan [1] . However, an increase in the incidence and mortality due to ICC over a 30-year period has been reported in developed countries, including Japan [2] [3] [4] . Recent advances in imaging technology and surgical techniques have resulted in hepatic resection for ICC being more frequently performed [5] . Nathan et al. [6] reported a cumulative 34.4 % improvement in the survival of patients who underwent resection for ICC from 1992-2002, but the postoperative outcome of these patients remains unsatisfactory, as the 5-year overall survival rate after potentially curative resection is only 30-40 % [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] . ICC is asymptomatic even at advanced stages, and its associated risk factors in the population are unknown, both of which make its early detection difficult. However, recent epidemiological and pathological studies have suggested that hepatitis C virus (HCV) infection is closely associated with the development of ICC [22] [23] [24] [25] [26] [27] . Kobayashi et al. [28] reported that the cumulative rates of newly diagnosed ICC were 1.6 % at 5 years and 3.5 % at 10 years among 600 patients with HCV-related cirrhosis, which were approximately 1,000 times higher than the rate in the general population of Japan. In fact, Japanese studies have also reported a high prevalence of HCV infection in patients who underwent resection for ICC, which accounts for 18.8-38.0 % of cases [1, 12, 29, 30] . Therefore, surveillance of patients with HCV can increase the likelihood of detecting resectable ICC as well as hepatocellular carcinoma (HCC).
Although surgical resection provides the only chance of long-term survival for patients with ICC, the minimum width of the resection margin required to prevent recurrence is still debated [10, [31] [32] [33] [34] . ICC often spreads via the lymphatic system and postoperative outcomes for patients with lymph node metastases are extremely poor [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] ; however, to date no consensus among hepatic surgeons has been reached on the indications for surgical treatment of ICC with lymph node metastases and the required extent of lymph node dissection. The extent of both the resection margin and lymph node dissection can be changed by surgeons during hepatic resection for ICC, and it is therefore necessary to clarify their prognostic impact. In a recent meta-analysis of adjuvant therapy for biliary tract cancer, a significant benefit of adjuvant therapy was seen in patients with node-positive or R1 disease [35] . The development of effective adjuvant chemotherapy regimens can help to improve the postoperative outcomes of patients with ICC as many of them have advanced disease. Recently, aggressive treatments, including repeated hepatic resection and radiofrequency ablation (RFA) therapy are increasingly being used to treat recurrent ICC, which may prolong patient survival [21, [36] [37] [38] [39] [40] [41] [42] . Despite the many advances in ICC treatment, no standard strategy has been established. This review focuses on the best surgical approach for ICC.
TNM staging systems and prognostic factors
Despite distinct differences in the biological behavior and postoperative outcomes of HCC and ICC, a distinct TNM staging system for ICC has only recently been established, which is based on data derived from clinical experiences with HCC patients that was used to treat ICC. In 2003, the Liver Cancer Study Group of Japan (LCSGJ) proposed a new staging system for ICC [43] based on data from 245 patients who underwent liver resection for ICC [44] . The LCSGJ staging system was developed only for the massforming (MF) type of ICC and is essentially the same as the HCC staging system, except that serosal invasion includes T category factors. In 2009, the American Joint Committee on Cancer (AJCC)/International Union against Cancer (UICC) established another staging system for ICC in the seventh edition of their staging manual [45] . This was based on the Surveillance, Epidemiology, and End Results (SEER) database of 598 patients who underwent hepatic resection for ICC [46] . The AJCC/UICC staging system is distinct from that for HCC, as the T category considers the tumor number, vascular invasion, visceral peritoneum perforation or extrahepatic direct invasion, and periductal invasion, but not the tumor size. A number of investigators have analyzed the accuracy of both staging systems in predicting patient survival after hepatic resection for ICC, and proposed some modifications based on their findings [14] [15] [16] 47] . Farges et al. [16] reported that the current AJCC/UICC staging system was the only system with good accuracy for predicting disease outcome as the other systems failed to do so, including the system proposed by the LCSGJ. In contrast, other studies reported that the AJCC/ UICC system could not provide a monotonicity of gradients for the T classification and stage groupings of ICC [14, 47] . Therefore, further studies should be conducted on larger populations to establish an accurate staging system for ICC, since it is essential for the evaluation of treatment and clinical trial outcomes.
Lymph node metastasis is the most important prognostic factor in patients who undergo hepatic resection for ICC [7-20, 44, 46] . Therefore, in both the AJCC/UICC and LCSGJ staging systems, ICC with nodal metastases is classified as stage IV. Multiple tumors and vascular invasion are T classification components in the AJCC/UICC and LCSGJ systems [43, 45] , and the presence of multiple tumors have been reported to strongly influence the survival of patients who underwent hepatic resection for ICC [7-10, 12-14, 19-21, 44, 46, 50] . In contrast, several studies have also found that aggressive surgical resection for ICC with intrahepatic metastasis confers a survival advantage [17] . Further confirmatory studies are needed to evaluate the effectiveness of hepatic resection for ICC with intrahepatic metastasis. Although vascular invasion was often found to be a prognostic factor according to univariate analysis [7-13, 15, 17, 44, 46] , it was not an independent prognostic predictor in a number of studies [7, [9] [10] [11] . Nathan et al. [46] reported that vascular invasion was independently associated with poor postoperative outcomes only in a cohort of patients with N0M0 tumors, as they found that tumor size was not associated with postoperative survival in any analyses that used a cut-off value of 2 or 5 cm; therefore, this parameter was omitted from the AJCC/UICC staging system [45] . Other studies also reported that tumor size was not an independent prognostic factor [7] [8] [9] [10] [11] [12] [13] [14] [15] [17] [18] [19] [20] . In contrast, the LCSGJ staging system included tumor size, as a Japanese multicenter study showed that a tumor [2 cm was an independent prognostic factor for MF-ICC [44] . However, previous studies reported that B3 % of patients who underwent hepatic resection for MF-ICC had a tumor B2 cm [8, 16, 46] , as it is difficult to detect early-stage ICC. The real impact of tumor size on survival is still debated, and it should be evaluated in a much larger population. The LCSGJ proposed that ICC should be subdivided into 3 macroscopic types-the MF type that has a definite mass, the periductal-infiltrating (PI) type that extends along the bile duct, and the intraductal-growth type that is characterized by papillary growth within the ductal lumen and is extremely rare [43] . A number of Ki-ras gene variants have been linked to the PI type rather than the MF type, suggesting that mechanisms of carcinogenesis and clinical characteristics differ between these types [48] . Some investigators reported that postoperative survival of patients with MF and PI type ICC (an MF tumor with periductal invasion) was shorter than that of patients with MF type tumors [49] [50] [51] [52] . In the AJCC/UICC staging system, ICCs with periductal invasion were classified as T4 tumors [45] . Nevertheless, other studies reported that periductal invasion was not a predictor of poor survival in patients who underwent liver resection for MF-ICC [8, [12] [13] [14] [15] . Igami et al. [14] evaluated the validity of the AJCC/UICC staging system for ICC and proposed removing periductal invasion as a T category determinant. Serosal invasion, together with vascular invasion, is also a T classification component in the LCSGJ staging system based on an analysis of prognostic factors in 136 patients with MF-ICC [44] . In the AJCC/ UICC staging system, ICCs perforating the visceral peritoneum (serosal invasion) are classified as T3 tumors [45] . However, in previous studies, serosal invasion was not independently associated with postoperative survival [9, [13] [14] [15] 50] . Furthermore, our previous study reported that the modified LCSGJ staging system better predicted survival when serosal invasion was removed as a component of T subgroup determination [15] .
Some investigators reported that the serum carbohydrate antigen (CA) 19-9 level was an independent predictor of poor prognosis after hepatic resection for ICC [10, 12, 53] . In our previous study [54] , since the serum CYFRA21-1 concentration was related to tumor stage, a high concentration of CYFRA21-1 was an independent prognostic factor associated with tumor recurrence and postoperative death. Adjuvant therapy should be considered for patients with a high serum CA 19-9 or CYFRA21-1 concentration, although new chemotherapeutic regimens with better anticancer activity and a better toxicity profile for patients with ICC still need to be developed.
Lymph node metastasis and dissection
The prevalence of lymph node metastases detected at surgery for ICC resection has been reported to be 25-50 % [7-10, 12-15, 17-21] . Although lymph node metastasis was found to be an adverse prognostic factor in patients who underwent hepatic resection for ICC [7] [8] [9] [10] [11] [12] [13] [14] [15] [17] [18] [19] [20] [21] , the value of lymph node dissection for ICC is still controversial. Therefore, no standard guidelines for lymph node dissection have been established. Previously, the LCSGJ had proposed that regional lymph nodes should be divided into 3 groups [55] based on several studies of lymphatic spreading routes [56] [57] [58] . Group 1 included nodes in the hepatoduodenal ligament, group 2 consisted of nodes along the common hepatic and left gastric artery, around the celiac trunk, or on the posterior surface of the pancreas head, and group 3 included para-aortic nodes. In addition, nodes in the lesser gastric curvature were included in group 1 when the tumor was located in the left hepatic lobe. Therefore, regional lymph node (groups 1 and 2) dissection was commonly performed at hepatobiliary centers in Japan, while lymph node dissection is rarely performed for ICC patients in Western countries. It is important to clarify the benefit of lymph node dissection because surgeons can use it to improve the prognosis of patients with ICC. Some investigators recommended that routine lymph node dissection should be performed because they are frequent metastatic sites [9, 10, 13] . In contrast, Grobmyer et al. [59] suggested that routine lymph node dissection is unnecessary in patients without any clinical or radiological evidence of disease; none of the 38 patients in their study had lymph node metastases when negative imaging studies and negative intraoperative assessments were observed. Choi et al. [9] reported that regional lymph node dissection prolonged the survival of ICC patients with lymph node metastasis, since patients in the regional lymph node dissection group showed similar survival to those in the lymph node sampling group, although there was a significantly higher incidence of lymph node metastases in the former. Conversely, Shimada et al. [60] analyzed the recurrence pattern after resection was performed for ICC, and showed that extended lymph node dissection did not offer any advantage without control of the liver metastases, because most patients who developed recurrence had liver metastases. Inoue et al. [17] suggested that the presence of lymph node metastasis in ICC is a sign of systemic disseminated disease that is incurable by extensive surgery. Some other authors also recommended that patients with nodal metastases should not be considered candidates for extensive surgery, since node dissection does not affect the long-term survival of patients who already have nodal metastases [18, 19] . However, long-term survival after resection for ICC with nodal metastases has been reported, although it is rare [7, 9, 12] . In a recent multicenter analysis [12] , only 7 of 139 patients with nodal metastases survived [4 years after surgery even if extended dissection beyond the hepatoduodenal ligament had been performed. Therefore, it is important to determine the indications for surgical treatment of ICC with lymph node metastases. Nakagawa et al. [61] suggested that a curative resection with lymphadenectomy improved the survival of patients with a solitary tumor and no more than 2 positive lymph nodes. This was based on their findings that 6 of 23 patients who underwent curative surgery for a solitary tumor with lymph node metastases survived for [3 years after surgery, while no patients with both nodal metastases and intrahepatic metastases survived for 3 years. Similarly, another study found that hepatic resection with lymph node dissection may be curative in patients with a single lymph node metastasis and a solitary ICC tumor [62] . In our previous study, we also found that surgery can increase the possibility of long-term survival in patients who have a solitary ICC with nodal metastases, as the survival rates for 23 such patients were 35 % at 3 years and 26 % at 5 years, whereas all patients with both lymph node and intrahepatic metastases died within 3 years [7] . Surgery alone cannot prolong survival when both lymph node and intrahepatic metastases are present, and further studies should be conducted to clarify the indication of surgery for ICC with nodal involvement.
Resection margin
A positive ICC resection margin is closely associated with a poor prognosis [7, 10-13, 15, 17, 19, 20] , and resection margin status is a technical concern during ICC surgery. Recent studies have addressed whether the width of the resection margin is related to survival or recurrence after surgery for ICC [10, [31] [32] [33] [34] . Ribero et al. [10] reported that the width of a negative margin did not affect postoperative survival because no difference in the survival was noted between patients with a negative margin of 0.5-9 mm and patients with wider negative margin of C1 cm. In addition, the margin width was not associated with recurrence rates or the site of recurrence. Tamandl et al. [31] recommended that expected narrow resection margins should not exclude patients from potentially curative surgery, as they found no relationship between resection margin width and recurrence or survival after surgery. In their study, intrahepatic recurrence was observed in 40 % of cases in which a wide margin ([10 mm) was achieved, 58 % of cases where only a close margin (1-10 mm) was achieved, and in 50 % of cases involving R1 resection; the incidence of extrahepatic metastasis in each of these scenarios was 27, 16, and 14 %, respectively. The median overall survival was 27.2 months in the wide margin group, 29.7 months in the close margin group, and was not reached in the R1 group. In contrast, Cho et al. [32] reported that every effort should be made to gain a wide resection margin to enhance survival, since they found that a narrow resection margin (B1 cm) was associated with significantly reduced survival after surgery. We also recommended frozen-section examination of the resection margin to confirm the absence of cancer cells, because tumor cells were frequently found within 5 mm of the resection margin and their presence was a significant prognostic factor [7] . Recently, Farges et al. [33] showed that in patients who underwent curative resection for ICC without nodal metastases, median survival was closely associated with margin width (B1 mm, 15 months; 2-4 mm, 36 months; 5-9 mm, 57 months; and C10 mm, 64 months) and a margin [5 mm was an independent predictor of survival. Therefore, they recommended that a margin of at least 5 mm should be created. Shimada et al. [34] also reported that in patients without nodal involvement, as the margin width increased, there was a linear increase in postoperative survival; a resection margin of C 5 mm was an independent predictor of survival. In addition, no local recurrences were observed in patients with a wide surgical margin, and intrahepatic recurrence was more frequently observed in patients with a narrow surgical margin. Therefore, they recommended that every effort should be made to achieve a wide surgical margin during hepatic resection for ICC without nodal metastases.
Adjuvant chemotherapy
Some investigators reported that adjuvant chemotherapy for ICC could prolong postoperative survival [63, 64] . A meta-analysis study also showed a survival benefit of fluorouracil-based adjuvant chemotherapy for cholangiocarcinoma in patients with lymph node-positive disease and R1 disease [35] . A recent study using a murine model showed that adjuvant gemcitabine chemotherapy after R0-resection significantly prolonged the survival of treated animals [65] . However, the benefit of adjuvant chemotherapy on recurrence and survival after resection for ICC is unclear. Although there was no established standard chemotherapy for patients with locally advanced or metastatic biliary tract cancer, the ABC-02 trial [66] showed that cisplatin plus gemcitabine was associated with a significant survival advantage over gemcitabine alone in patients with advanced biliary cancer without any significant increase in toxicity. Wirasorn et al. [67] reported that adjuvant chemotherapy significantly prolonged survival in patients who underwent resection for advanced cholangiocarcinoma, and that patients treated with a combination of gemcitabine and capecitabine had the longest survival time. In Japan, S-1, an oral fluoropyrimidine has been widely used in the treatment of cholangiocarcinoma. Several phase II studies of patients with advanced biliary tract cancer showed that combined gemcitabine and S-1 therapy resulted in a better response rate [68] [69] [70] . Murakami et al. [71] suggested that adjuvant gemcitabine and S-1 chemotherapy might improve the outcomes after aggressive surgical resection of advanced biliary carcinoma, as 5-year survival rates of patients who received or did not receive postoperative adjuvant chemotherapy were 57 and 24 %, respectively. A prospective randomized trial should be performed to determine the real impact of adjuvant therapy on postoperative outcomes.
Treatments for recurrent ICC
The postoperative recurrence rate of ICC remains high, and occurs in 50-80 % of cases even after curative resection [11, 21, [38] [39] [40] 72] . No effective treatments have been established for unresectable or recurrent ICC, and the prognosis of patients with these advanced ICCs is extremely poor. Recently, Ercolani et al. [72] reported that aggressive approaches for recurrent ICC, such as repeated hepatic resection or RFA, could significantly improve prognosis. Although the efficacy of repeated hepatic resection for recurrent HCC or liver metastases of colon cancer is well documented, there have only been a few reported studies of hepatic resection for recurrent ICC. In a case report by Yamamoto et al. [36] , a patient with a solitary ICC recurrence underwent a partial hepatic resection, and no recurrence was observed during a 1-year follow up. Kurosaki et al. [37] reported 2 long-term survivors who underwent repeated hepatic resection for recurrent ICC. Saiura et al. [21] also reported that 3 of 5 patients who underwent hepatic resection for solitary recurrent ICC survived for[5 years after initial resection. Ohtsuka et al. [38] suggested that in some cases repeated surgical resection for recurrent ICC can result in longterm survival, as 3 of the 6 patients who underwent complete resection for recurrent ICC were alive and disease-free 32, 39, and 77 months after the second operation. Although RFA is now accepted as an effective and safe treatment for HCC, its potential role in the treatment of ICC is still unclear. In 2002, the first report of a case in which RFA was used to treat cholangiocarcinoma was published [41] . In that report, a patient who received RFA for a single intrahepatic recurrence of cholangiocarcinoma was alive without detectable disease at the 10 months follow-up. Fu et al. [42] reported that RFA provides a treatment option for recurrent ICC in patients who cannot undergo surgery, as the median overall survival was 30 months, and the 1-and 3-year survival rates were 87.5 and 37.5 %, respectively in 12 patients who underwent RFA for recurrent ICC. Kamphues et al. [39] analyzed the outcome of 13 patients who were treated for recurrent ICC by repeated hepatic resection and/or RFA. In their study, after a median follow-up period of 28 months, 7 were alive with 3-year survival after primary surgery of 52 %. In a recent study of 109 patients treated for recurrent ICC, Zhang et al. [40] compared the outcomes after treatment for recurrent ICC between those treated with repeated resection and those treated with RFA, and found that the median overall survival times were 20.3 and 21.3 months, respectively. There was no significant difference in the overall survival rate, except amongst patients with tumors [3 cm, who survived longer after repeated resections. Although both repeated hepatic resection and RFA might provide an effective option for recurrent ICC, previous studies had some limitations, such as the lack of a control group or an insufficient number of patients. Therefore, further studies on a larger numbers of patients are needed to confirm the role of both methods in the treatment of recurrent ICC.
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